Purpose of Review The goal of this review is to outline the prevalence and significance of occipital headaches in children and how they relate to neuroimaging findings. We seek to evaluate the concern that occipital headaches in children are indicative of secondary headache pathology by reviewing the yield of neuroimaging in pediatric patients with occipital headache location. Recent Findings Occipital headaches are a common presentation of primary headache disorders in children, seen in 7-16% of children presenting for evaluation of headache and in up to 20% of children diagnosed with migraine in the emergency department. Review of recent literature confirms that in and of itself, occipital location of headache in a child with recurrent headache and a normal physical examination should not be regarded as worrisome. Headaches with associated signs on neurologic examination should be investigated for a secondary cause, regardless of headache location. Occipital headaches that do not meet criteria for a primary headache disorder should be evaluated for site-specific occipital headache conditions. Neuroimaging for recurrent headache in children who have normal neurological examinations has an overall low yield (0-4.1%) for actionable findings in recent studies. Importantly, an abnormal neurologic examination often predicts the presence of neuroimaging abnormalities. Summary In the absence of an atypical history or abnormalities on clinical examination, occipital headaches in children are no more likely to be associated with intracranial pathology than headaches in other locations. If the child's headaches are otherwise consistent with migraine or another primary headache disorder, and the neurologic examination is normal, the yield of neuroimaging is low, and imaging can generally be deferred.
Introduction
Occipital headaches in children have historically been considered "red flags" for secondary pathology [1••] . The questions of importance for practicing clinicians seeing children and adolescents with headaches are three-fold: 1) Should occipital headaches, in and of themselves, be considered a red flag in the history? 2) When should one worry about an occipital headache and consider a secondary headache disorder or site-specific occipital headache disorder? 3) What is the yield of neuroimaging for occipital headaches when both the history and the neurologic exam are otherwise reassuring?
This review seeks to address these common and important clinical questions. We will begin with an overview of the prevalence of occipital pain in pediatric headache, we will review secondary headache disorders with a site-specific occipital headache location and finally, we will review the utility This article is part of the Topical Collection on Childhood and Adolescent Headache and yield of neuroimaging for occipital headaches in the pediatric population.
Occipital Headache as a 'Red Flag'
Occipital headaches have the tendency to raise alarm in the practicing clinician. Be it the perceived prevalence of posterior fossa tumors in children, the worry of a vertebral dissection in an active child, or just folklore from classic teaching, occipital headaches are often more concerning to practitioners than anteriorly sited pain. Occipital pain is often cited in mnemonics for "red flag features" of headaches that warrant neuroimaging. The most common of these is "SNOOPY" (Fig. 1) , first published in 2003 [2] , and adapted to include occipital location of pain by subsequent authors [3] [4] [5] 7] . Popular online tools, including UpToDate, have also included occipital headache location to be an indicator of intracranial pathology in children [6] . This perception about occipital headaches is furthered by the statement in the International Classification of Headache Disorders (ICHD)-3 criteria for migraine which reads: "occipital headaches in children are rare and calls for diagnostic caution [1••] .".
However, careful examination of the literatures reveals that occipital headaches are not particularly rare in children. In children and adolescents presenting to clinic for headaches, occipital headache location is seen in 7-16% [8••, 9••, 10•] . Approximately 20% of children diagnosed with migraine in the emergency room setting noted occipital location of pain [8••] , and of children with occipital site-locked headache presenting to a pediatric headache center in the UK, 63.5% were ultimately diagnosed with migraine [11••] .
Moreover, occipital headaches do not seem to be any more concerning for secondary headache pathology in children than are headaches in other locations. Historically, studies done in the emergency department (ED) setting found an association between occipital headache location and secondary pathology [12] [13] [14] . The clinical setting in which these studies were performed is important, as the ED, by its nature, is likely a recruitment setting with more new, acute, and severe headaches. In 2000 [13] , a pediatric study of 150 children and adolescents concluded that occipital pain was significantly correlated with intracranial pathology. Four of these children had brain tumors, and two of these four had occipital headache. However, all four of these children had abnormal neurologic examinations. Hence, an abnormal neurologic examination has high sensitivity for detecting secondary headache pathology, whereas occipital head pain location alone does not. Later in 2008 [14] , a study evaluated 432 children and adolescents in the ED and found serious life-threatening intracranial disorders in 4.1%. In this sample, 12.5% had occipital pain, and of these approximately 20% (3/15) had serious intracranial pathology discovered. A critique of this study is that the analysis for serious pathology combined those with occipital pain with those who could not identify pain location and those with one-sided headache, notably distinct clinical presentations [14] . In addition, as in the study above, all of the children in this study who had secondary pathology also had abnormal neurologic examinations.
Upon review of more recent literature on this topic, the notion of occipital headaches requiring "diagnostic caution" [1••] is called into question. In a 2017 retrospective study [8••] , 314 children and adolescents were evaluated for headache in the ED. Of these, approximately 12.5% had occipital headache, and interestingly, the pain severity was rated higher by this group as a whole. Approximately 25% of all patients underwent neuroimaging, but a third of those with occipital pain were imaged. Abnormalities were detected in 3.5% of those imaged. The most common "secondary" headache disorder in the occipital headache group was a viral infection, seen in 31%. None had serious or actionable brain pathology. With regard to the concurrent diagnosis of headache in the context of viral illness, one can speculate that in at least some of these cases, migraine is activated in the context of illness and poor sleep, and perhaps this is the reason for the association between headache and acute inter-current illness. It is also important to note that 20% of the occipital headache group ended up being diagnosed with a primary headache disorder in the ED. As such, the authors concluded that serious intracranial disorders presenting solely as occipital headaches without other signs and symptoms should be regarded as uncommon and should not be considered worrisome [8••] .
In a second study [11••] , 292 children and adolescents aged 5-17 years who had experienced at least 5 site-locked headaches over a 6-month period with a normal neurological exam were reviewed. Consistent with the literature and our clinical experience, the majority of the 1401 patients screened for [2] [3] [4] [5] [6] with the proposed motion to exclude "occipital headache" going forward inclusion did not have site-locked headache (79%); however, 21% did and constituted the 292 patients included in the study. Of these 292 patients with site-locked headache, 36% (n = 104) had occipital headache and 63.5% of these were ultimately diagnosed with migraine. Ninety-seven percent of the site-locked study sample were imaged (n = 283). No patients had actionable pathology on brain MRI; 96% had normal scans and 4% had incidental nonsignificant findings. The authors' conclusion was that in the absence of an abnormal exam, occipital headaches are not representative of worrisome pathology [11••] . A third study [9••] retrospectively evaluated 308 children and adolescents with recurrent headache and normal neurologic examinations. Overall, 66.6% of the sample had neuroimaging and abnormalities were found in 13%. Serious pathology was found in only 1.2%. Isolated occipital headache was present in 7%, and 14% had occipital pain along with pain in other locations of the head. Occipital headache was associated with a higher likelihood of undergoing neuroimaging (relative risk [RR] 10.5, 95% confidence interval [CI] 1.4-77.3) but was not associated with increased likelihood of finding clinically significant pathology. In fact, the authors note that of the four patients ultimately found to have serious intracranial pathology, none of them reported occipital pain. Occipital pain was not significantly associated with any pathology. The authors concluded that occipital pain alone should not be an indication for imaging, in the absence of any concerning historical or examination features [9••] .
Finally, a fourth paper [10•] retrospectively evaluated 194 children and adolescents in a tertiary headache clinic setting who presented with headache and had MRI brain imaging available. Of the patients reviewed, 16% had occipital headache and none were found to have significant intracranial pathology [10•] .
It is our experience that the site of pain, including occipital pain, is not in and of itself indicative of secondary pathology. In the absence of an abnormal history or exam, expanded in pediatrics to not only include focal neurologic deficits and papilledema, but also evidence of seizure activity, developmental delay or regression, and neuro-cutaneous or neurogenetic disorders; we do not routinely image children and adolescents in our practice.
When to Worry About Occipital Headaches or Consider a Secondary Headache or Site-Specific Diagnosis
When a child has headaches that meet criteria for migraine and a normal physical examination, regardless of site/location of pain, migraine should be diagnosed. Headache in any location with associated abnormalities on physical examination should be considered concerning for a secondary headache disorder and investigated accordingly with neuroimaging and or laboratory testing. It is important to reiterate that these secondary conditions will often have signs or symptoms in addition to the location of pain which will guide the practitioner to the appropriate diagnosis.
When site-specific occipital headache does not meet criteria for migraine and the exam is otherwise normal or suggestive of a specific secondary headache disorder (see Table 1 ), consider other causes of occipital headache such as: occipital neuralgia, headache attributed to Chiari malformation type I (CM1), neck-tongue syndrome, cervicogenic headache, head and/or neck pain attributed to orthostatic (postural) hypotension, and headache attributed to upper cervical radiculopathy.
As specifically outlined in ICHD-3, it is important to remember that the headache caused by CM1 it is typically of short duration and is often provoked by cough or Valsalva type manoeuvers. Chiari 1 malformation itself is defined by the ICHD-3 as requiring MRI evidence of "≥5-mm of caudal descent of the cerebellar tonsils or ≥3-mm descent with crowding of the subarachnoid space at the craniocervical junction with accompanying compression of the cerebrospinal fluid (CSF) spaces posterior and lateral to the cerebellum or reduced height of the supraocciput, or increased slope of the tentorium or kinking of the medulla oblongata." In addition, in most children with headaches secondary to a Chiari 1 malformation, a constellation of more than five clinical symptoms supportive of the diagnosis are present [1••] . These features often include neck pain, difficulty swallowing or speaking, poor balance, nystagmus, syncope, headaches with cough, sensory disturbance, weakness, vertigo, or sleep apnea [15] . The ICHD-3 also outlines that if the patient has a CM1 secondary to raised intracranial pressure (ICP), as in idiopathic intracranial hypertension (IIH), or lowered ICP, as in spontaneous intracranial hypotension (SIH), this should not be considered headache caused by CM-1 (7.7), but instead headache with either IIH (7.1.1) or SIH (7.2.3). This is to say that normal CSF pressure must be confirmed in patients diagnosed with headache caused by CM1. In addition, the ICHD-3 outlines that despite CM1-associated headache being phenotypically similar to primary cough headache, the former is often longer (minutes vs. seconds), and objective evidence of CM-1 will be seen on neuroimaging.
Neuroimaging in Occipital Headache
Headache is a common indication for imaging, despite practice parameters, guidelines, and other campaigns to encourage practitioners not to image unless abnormal features are revealed on history or neurological examination [16••, 17•, 18] . Similar to the adult AAN guidelines [19] , the AAN released a practice parameter in 2002 focusing on when Headache attributed to upper cervical radiculopathy A. Head and/or neck pain fulfilling criterion C B. Clinical, electrodiagnostic, or radiological evidence of a C2 or C3 radiculopathy C. Evidence of causation demonstrated by both of the following: 1. At least two of the following: a) Pain has developed in temporal relation to onset of the neuroimaging is needed in children with headaches. In their analysis, based on 6 studies and 1275 children with recurrent headaches, the authors noted that all patients requiring medical or surgical intervention (3% of the sample with imaging results) had an abnormal examination prior to imaging. As such, the AAN, with support from the Child Neurology Society (CNS), does not recommend neuroimaging in a child with recurrent headache and an otherwise normal examination [16••] .
However, trends in headache management reveal that between 20 and 77%, on average 30-45% [16••, 20-22] , of children and adolescents with non-acute recurrent headaches, undergo neuroimaging. Unfortunately, these numbers did not decrease after implementation of the 2002 AAN guidelines [16••, 22, 23] , despite the rate of finding intracranial pathology decreasing over time [22] . Over a 13-year study period, one study found that rates of imaging remained between 41 and 47% [23] . A further study noted that imaging rates actually increased from 12.5 to 31% over the time period from 1998 to 2008, while the rates of intracranial pathology discovery decreased from 10.1 to 3.5% [22] .
Appropriateness Criteria Guidelines published in the American Journal of Neuroradiology in 2007 outline that 0.4% of all adult patients with migraine or unspecified headaches have treatable lesions revealed on neuroimaging [24] . This statistic is echoed by the US Headache Consortium in 2000, which included input from the American Headache Society. This meta-analysis of 11 adult studies found a rate of discovery for serious intracranial pathology of 0.2% in adults diagnosed with migraine [20] . Also in adults, Wang et al. outlined that an atypical presentation (history and physical assessment) increases the rate of finding imaging abnormalities by up to 14.1% [25] , supporting the notion that clinical assessment is the greatest predictor of imaging abnormalities. It is worth noting that in the general adult population (over 45 years), incidental findings on MRI are very common, found in up to 14% of adult patients [26] .
In a review of children with recurrent headache from 2011, 8 studies from 1990 to 2008 [23, [27] [28] [29] [30] [31] [32] were evaluated and the overall rate of imaging abnormalities requiring a neurosurgical procedure was 0.71% [20] . Later, a systematic review of 17 studies from 2013, including 3260 children with headache and neuroimaging found abnormalities in 14.6% of children overall; however, only 2.5% of these findings led to a change in management. Most importantly, the authors note that only 4.8% of the patients who had imaging abnormalities requiring a change in management had normal examinations, meaning that the other 95.2% of patients in this group had abnormal assessments prompting neuroimaging [33••] . This important point has been echoed above [13, 14, 16 ••] and was also seen in two further studies outlined below. In the first study from 2006, 681 children were evaluated and 35.4% received neuroimaging. Serious pathology was discovered in 2.6%, but in those who had imaging abnormalities that required a change in management, only 1.2% had a normal neurological examination prior to imaging [34] . Further, in a 2008 Italian cohort of 526 children, 4% had serious abnormalities on imaging, all of whom had abnormalities on neurological exam prior to imaging [35] .
This rate of discovery of management-changing serious pathology found on neuroimaging in children with headache is similar to studies examined for this review from 2005 onwards [8••, 9••, 10•, 11••, 14, 20, 32, [34] [35] [36] [37] [38] [39] [40] . The range we discovered was 0-4.1%, with a mean of 1.6%. Of note, many of these studies are from the ED, representing a unique population of children, and in many patients, pathological findings were revealed on history and clinical examination prior to brain imaging being completed.
Serious pathology cited in the literature includes, but is not limited to, meningitis or sinus infection, Chiari I malformation or cerebellar ectopia, hemorrhage, abscess or various types of intracranial cysts, venous or vascular lesions including Moya Moya, or raised intracranial pressure either idiopathic in etiology or secondary to a mass lesion or tumor [9••, 24, 33••, 34, 41-43] .
Given that brain tumor is a common parental concern, it is important to note that as per the Childhood Brain and Tumor Consortium, less than 1% of children with brain tumors present with headaches alone. This, coupled with the low rate of discovery of lesions when imaging primary headache disorders and the association between imaging findings with abnormalities on exam, reinforces that a careful clinical assessment is the most important diagnostic tool in practice [44] .
Conclusion
This review covered three important points for the practitioner seeing children and adolescents with headache. The first is that occipital headache is not unusual in children who are ultimately diagnosed to have a primary headache disorder. Second, occipital headaches should not be regarded as worrisome, as they are not more likely to be associated with secondary pathology. Third, careful clinical history and examination will alert the practitioner to the likelihood of finding pathology on neuroimaging in the overwhelming majority of cases. Imaging for headache in a patient with an otherwise normal exam is of low yield. We hope this review will increase the confidence of practicing physicians when evaluating children and adolescents with headache and assist with educating and reassuring their patients and their families.
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